We compared the mRNA expression profile of the Harmonia axyridis larvae that were either untreated or treated with LPS. The extracted mRNAs were subjected to ACP RT-PCR analysis using a combination of arbitrary primers and oligo (dT) primer. Among the 47 DEGs differentially expressed, we identified a cDNA showing homology with defensin-like antibacterial peptide. The cDNA showed a putative 32-residue signal sequence and a 50-residue mature peptide named harmoniasin. We also investigated the antibacterial activity of the harmoniasin analog, which exhibited potent antibacterial activities against Gramnegative and -positive bacteria strains and it also evidenced no hemolytic activity.
Antimicrobial peptides (AMPs) typically consist of relatively short peptides (12 to 100 amino acids) and have positive net charges (net charge of +2 to +9) [11, 14] . They have important roles in the host defense mechanisms of most living organisms, including plants, insects, amphibians, and mammals [6, 9, 15] . Since the first AMP cecropin was isolated from Hyalophora cecropia in the 1980s by Boman's research group, more than 200 antimicrobial peptides have been identified in insects [12] . These peptides are classified on the basis of their amino acid sequences and secondary structures. They are already found in insects and include cecropin (helical conformation), insect defensin (cyclic and open-ended cyclic peptides with pairs of cysteine residues), and peptides with an overrepresentation of some amino acid (proline-rich, glycinerich, histidine-rich) and lysozymes [1, 2, 3] .
One of these peptides, insect defensins, was first identified from Sarcophaga peregrine by Matsuyama and Natori [10] and from Phormia terranovae by Lambert et al. [7] . They contain an α-helix that is disulfide-linked to a β-sheet with a cysteine linkage (1-4, 2-5, 3-6), which differs from vertebrate defensin [4] . They are the most widespread group of AMPs that exist in insects and other invertebrates. In particular, these peptides work primarily against Gram-positive bacteria and have minimal toxic and allergic side effects in the host cell [2, 8, 13] .
Recently, a defensin-like peptide, named coprisin, was isolated from the bacteria-immunized Dung beetle, Copris tripartites. This peptide evidenced broad-spectrum activity against Gram-positive and -negative bacteria [5] . In this study, we report the characterization of a new gene encoding for the defensin-like antibacterial peptide, harmoniasin, from Harmonia axyridis. We also synthesized the harmoniasinderived peptide and assessed its antibacterial and hemolytic activities.
Identification and Characterization of Harmoniasin
We first compared the antibacterial activity of immunechallenged and non-immunized hemolymph from the larvae of the ladybug, Harmonia axyridis, against LPS (data not shown). The results demonstrated that the immunechallenged larval hemolymph yielded higher activity than was seen with the non-immunized hemolymph. In order to isolate the immune-related gene from the Harmonia axyridis larvae, we employed annealing control primer (ACP)-based differential display PCR. By comparing the band intensities of amplified cDNA fragments between the immune-challenged larvae and the non-immunized larvae, we selected 47 fragments with different expression levels (data not shown). The 47 amplified bands were eluted from 2% agarose gel and subjected to cDNA cloning. According to the BLAST and FASTA homology searches of sequence data for the identification of their gene annotations, DEG70 of these differently expressed genes showed that it has a cysteine-stabilized αβ motif with a C· · ·CXXXC· · ·C· · ·CXC consensus sequence, as found in other insect defensins, and thus it was named harmoniasin (derived from Harmonia axyridis). The length of the harmoniasin cDNA fragment was 222 bp, including the poly(A) tail.
Cloning and Sequencing of Harmoniasin cDNA
After the cloning and sequence verification of the harmoniasin partial cDNA fragment, specific primers were synthesized on the basis of its nucleotide sequence for 5'-RACE (Rapid Amplication of cDNA Ends) extension, which eventually resulted in the amplification of the its full-length cDNA, which consists of 377 nucleotides (Fig. 1) . The results showed that the full-length cDNA sequence of the harmoniasin peptide was 377 bp in length, having a 5' untranslated region (UTR) of 72 bp, a 3' UTR of 34 bp, and an open reading frame (ORF) of 249 bp encoding a polypeptide. The cDNA encoded a putative mature peptide of 50 amino acid residues having a predicted molecular mass of 5.63 kDa and pI of 5.56. Moreover, SignalP analysis revealed that the cleavage site for the potential signal peptide was predicted to be between 32-Ser and 33-Ser. Thus, the putative mature protein of the harmoniasin peptide was composed of 50 amino acids. The amino acid sequence of the mature portion exhibited a 26% and 28% similarity to those of Tenebrio molitor and Sarcophaga peregrine, respectively (Fig. 2) .
Antibacterial and Hemolytic Activities of Synthetic Harmoniasin
To assess the antibacterial effects of harmoniasin, we tried to synthesize the putative mature form of harmoniasin based on the deduced amino acid sequence of its cDNA structure. However, we have failed to synthesize the harmoniasin owing to its structural features. Thus, we 
